Abstract-A novel cross-layer wireless resource allocation algorithm called DBMQT is proposed which distributes the resource based on dynamic buffer allocation mechanism for orthogonal frequency division multiplex access (OFDMA) system. The aim of allocation algorithm is to maximize system throughput while satisfying the QoS requirement for multi-user and multi-service. The algorithm consists of two steps. Firstly, with the assumption of a finite queue model for arrival packets, the scheme adjusts users' buffer according to dynamic buffer allocation mechanism. In the second step, a distinct scheduling priority is defined for each user integrates MAC QoS requirements, queue status and PHY Channel State Information (CSI), assuming that the power is uniformly allocated on each subcarrier. Using these scheduling priorities, a scheduling rule for mixed traffics is proposed. Simulation results indicate that the proposed algorithm can achieve better performance in terms of system throughput, packet loss rate and efficiency of the buffer than tradition algorithm under enhancing QoS guarantees for different services.
INTRODUCTION
Fairness and efficiency are two crucial issues in resource allocation for wireless networks. Traditionally, spectral efficiency is evaluated in terms of the total throughput, which is unfair to those users far away from a base-station or with bad channel conditions. On the other hand, absolute fairness may lead to low bandwidth efficiency. The future wireless communication system is assumed to provide users with high speed multimedia services that have various quality of service (QoS) requirement. However, since the scarcity of radio resource and time-varying channel conditions, it is critical to design an efficient scheduling algorithm to achieve tradeoff between system throughput and fairness as well as fulfill different users' diverse QoS requirements [1] .
Orthogonal frequency division multiplexing (OFDM) divides an overall channel into many orthogonal narrowband subchannels (subcarriers) to deal with frequency-selective fading and support a high data rate. Furthermore, in an OFDM wireless network, different subcarriers can be allocated to different users to exploit multiuser diversity. And OFDM has been considered as one of the key physical layer technologies for the future wireless networks due to its robustness to frequency selective fading, high spectral efficiency, high data-rate, and low computational complexity. Considering a multiuser communication system, there are many access methods based on OFDM, e.g., OFDMA, OFDM-TMDA, OFDM-CDMA and OFDM-SDMA. Among these, OFDMA is considered as the most promising one, which allows multiple users to transmit simultaneously on different subcarriers per OFDM symbol. Moreover, the adaptive technology which adjusts the allocation of subcarrier, power and constellation sizes according to the users' channel quality at the PHY layer while maintaining an acceptable Bit Error Rate (BER) can be used in OFDMA systems to increase the spectral efficiency and reduce the transmission power consumption.
So far, some classic multi-user wireless resource algorithms have been designed. For example, the MAX C/I algorithm provides near optimal system throughput, the MAX-Min algorithm provides fair service to all users, the Largest Delay First (LDF) algorithm is effective for rtPS (real-time service). However, these algorithms do not take into account various heterogeneous classes of traffics and different QoS requirements for different services including rtPS, nrtPS (non-real-time service) and BE (Best Effort service). Furthermore, besides the system throughput, QoS requirement is also an important factor for consideration.
Adaptive cross-layer resource allocation that exploits interdependencies and interactions across the PHY and MAC layers has recently attracted extensive research interests. The basic idea of cross-layer resource allocation is to adapt bandwidth and power allocation as well as transmission strategies of the MAC protocol in order to significantly improve the resource utilization efficiency and guarantee a predetermined QoS of the overall system [2] . One example of the cross MAC-PHY layer resource allocation is opportunistic scheduling, which endeavors to maximize the system capacity by scheduling one or more users with the best instantaneous channels in each time slot. The paper [3] proposed a scheme of using multiple transmit antennas to induce large and fast channel fluctuations to increase multiuser diversity in the system. To ensure proportional fairness, users' transmissions are scheduled at times when the channel SINR is near its own peak. In [4] the resource sharing constraint in terms of the fraction of time assigned to each user is explicitly considered to strike a balance between efficiency and fairness. The authors illustrate via simulation that opportunistic scheduling can significantly outperform the channel-independent scheduling policies such as round-robin.
On the other hand, joint channel-and queue-aware scheduling would be more beneficial to wireless resource allocation and QoS provisioning. Modified largest weighted delay first (M-LWDF) and exponential (EXP) scheduling rules have been proposed for CDMA downlink transmission in [5, 6] , respectively. Neither rules require statistical information about arrival traffic and wireless channels. The author investigated joint channel-and queue-aware scheduling in OFDM based networks with emphasis on designing joint channel-and queue-aware scheduling schemes for multicarrier networks [7] . But it assumed that the length of the queue is infinite. Papers [8, 9] formulate a downlink packet scheduling problem for fairness and achieve the tradeoff between system throughput and fairness. With the assumption of a finite queue for arrival packets, paper [10] proposes a cross-layer resource allocation scheme with the objective of maximizing system throughput while providing QoS guarantees for users. However, the formers also assume infinite queue model and are not suitable for most practical systems. The latter's overall utilization of the buffer is not good because of the users' buffer is assigned fixed, though the finite queue model is adopted.
In this paper, with the assumption of a finite queue model, an efficient cross-layer resource allocation algorithm is proposed, which considers not only queue status of each user but also channel conditions with QoS guarantees for users. Then we formulate and solve the subcarries/power allocation problem subject to those rate requirements and bandwidth/ power constraints. Our algorithm contains two steps. Firstly, with the assumption of a finite queue model for arrival packets, the scheme adjusts users' buffer according to dynamic buffer allocation mechanism. Secondly, a scheduling priority is defined for each packet, assuming that the power is uniformly distributed on each subcarriers. Then, the best user is chosen for each subcarrier to maximize system throughput. The allocation algorithm aims to maximize system throughput while satisfying the QoS requirement for multi-user and multi-service.
The rest of this paper is organized as follows. In Section II, the system model is described. In Section III, we present detailed the cross-layer resource allocation algorithm with dynamic buffer allocation mechanism. In Section IV, we examine and compare the performance of the new algorithm with other algorithms through Matlab7. Finally, we conclude this paper in Section V.
II. PROBELM FORMULATION AND OPTIMALTIY

A. Problem Formulation
The downlink of the multi-user OFDMA system is depicted in Figure 1 . There are K users in the system. The total bandwidth of the system is W, and W is divided into N subcarries which are shared by K users. 
At the begin of each OFDM symbol, the dynamic buffer allocation mechanism adjusts users' buffer according to the state of user's buffer which can be achieved by forecasting. Then, the subcarrier, bit, and power allocation is implemented for each user by utilizing the estimated CSI, MAC QoS requirements and queue status. The modulated signals are transmitted after inverse fast Fourier transform (IFFT), parallel to serial (P/S) conversion, and guard interval insertion. At the receiver, we assume that the subcarrier, bit and power allocation information is sent to the receivers via a special control channel. With the information, the receivers can extract the bits and reconstruct the packets. If a packet is received in error, automatic repeat request (ARQ) is applied to retransmit the packet. 
B. Optimal Resource Allocation
A finite queue model is adopted for arrival packets at the MAC layer. Assuming that the packet arrival process follows a dMMPP (discrete Markov Modulated Poisson Process) model, which is more practical than traditional Poisson model with the short term traffic arrival and throughput statistics being maintained for each user to overcome the bursty traffic. The dMMPP arrival process for a user can be represented by the transition probability matrix of the modulating Markov chain U and the matrix of Poisson arrival rate λ respectively [11] . And the transition probability matrix is as follows:
At data link layer, assume that the packets arriving in time slot (t-1) will be serviced in time slot t at the earliest. The queue length ( ) 
Since an incoming packet will be dropped if the number of packets in the queue is equal to the queue length L, so the actual queue length should be modified as:
According to Eq. 
According to Eq. (3), the mean value of the incoming packets during time slot t can be derived as
Then at the beginning of time slot t, if schedule the user k at data rate ( ) k r t , the number of dropped packets at the end of slot t due to overflow can be predicted. Since the predicted queue length does not exceed the L always and the number of dropped packets must be integer. So the number of dropped packets at the end of slot t due to overflow can be predicted
the estimate of user k's average packet dropping probability, then 
Q t m t r t B L E m t
In fact, resource allocation strategy should be decided at the beginning of each symbol. If there are no packets in the user's queue, it needn't to allocate resource to the user. Furthermore, since the buffer assigned in the research about resource allocation for multi-users OFDM systems is fixed. Therefore, the systems buffer is utilized inefficiently because that the buffers of all users are not used fully mostly. Compared to the fixed size buffer allocation policy, we adopt dynamic buffer allocation scheme. Based on predicting the utilization of every users' queue, it adjusts the buffer size of the users dynamicly at the beginning of the OFDM symbols. The dynamic buffer allocation mechanism has one major advantage. It is adaptive to change of traffic conditions. Since the arrival data of the wireless system has a very dramatic outburst of arrival data. So the overall utilization of the buffer can be improved, the characteristic of wireless system and the system packet losing probability can be satisfied well by adjusting users' buffers according to dynamic buffer allocation mechanism. A cross-layer wireless resource allocation algorithm (Dynamic Buffer Manger with Queue Threshold) is proposed which distributes the resource based on dynamic buffer allocation mechanism with a finite queue model.
Each subcarrier can be occupied by only one user in an OFDM symbol. After the subcarrier n is allocated to user k, the number of bits assigned to this sbucarrier depends on the adaptive modulation and coding (AMC) scheme which has been employed according to the channel quality. As in [11] , signal to noise ratio (SNR) can be partitioned into R+1 non-overlapping consecutive interval with boundary points denoted by And we can obtain the boundary points r Γ for the modulation level r for the minimum SNR required to achieve target PER. 
Base on the above discussion, the cross-layer optimization problem can be expressed as follows , ,
Subject to: C1: Ψ is the packets that the system can buffer most, and the C4 denotes the total buffer of all the queues is less than Ψ . The target is to maximum the system throughput under these fours constraints.
III. CROSS-LAYER RESOURCE ALLOCATION
The problem given in Eq. (7) is a nonlinear optimization problem with integer variables constraint which is hard to resolve and very complex. Thus a suboptimal solution called DBMQT based on dynamic buffer manger with queue threshold is proposed which separates the problem into two steps. Firstly, at begin of each OFDM symbol, the dynamic buffer allocation mechanism adjusts users' buffer according to users' buffer state by forecasting, with the assumption of a finite queue model for arrival packets. Secondly, a scheduling priority is defined for each packet, assuming that the power is uniformly distributed on each subcarrier (
each user has one service only and the transmit bits are determined by AMC scheme. Then, the best user is chosen for each subcarrier according to the users' priorities so as to make efficient use of the spectrum bandwidth while satisfying the QoS requirement for multi-user and multiservice.
A. Dynamic Buffer Allocation Mechanism
In a shared-buffer system, buffer management schemes are needed to ensure the fair share of buffer among different users to meet the QoS guarantees for different services. However, in the fixed size buffer allocation policy, the buffer space is fixed assigned to each use. The system buffer is not utilized well, and the QoS of multi-service is not guaranteed. To reduce the packet loss rate, there are many buffer management algorithms that proposed for managing a packet buffer. Some of those are used widely. For example, each user will be distributed a constant buffer size when he was admitted; all users shared the entire buffer; the size of each user is varied based on the state of the buffer.
In this paper, we proposed dynamic buffer allocation mechanism is to provide different service classes with soft QoS guarantees for rtPS and nrtPS. The basic buffer size L will be assigned to each user when he is admitted. Subsequently, the dynamic buffer allocation mechanism adjusts the user's buffer space according to the TH . And the reduced buffer space will be distributed to the user who needs to increase buffer space. The followings are the summary of the dynamic buffer allocation step of the proposed mechanism.
1) Find out the users whoes buffer sapce can be decreased and sort order for them.
Let ℵ denotes the set of all users who can reduce buffer space. 
2) Find out the users who need to increase buffer sapce and sort order for them.
Let ℑ denotes the set of all users who need to increase their buffer space. . For user k′ , the sort priority is defined as: 
Users whose buffer space can be reduced update their buffer parameters according to Eq. (13): 1 1 2 2 ;
The ℵ and ℑ are updated as follow:
B. Subcarrier and Bit Allocation 1) Dessign of Scheduling Priority
The proposed scheduler scheme determines the service order based on the priority of each user. As mentioned above, a scheduling priority of each packet is defined based on its channel quality, QoS requirements, serve type, system fairness and queue status. For each type of service, QoS requirement has a distinct definition and it necessitates classifying service type of packets when defining their scheduling priorities [12] .
For rtPS, we can define its scheduling priority on subcarrier n as 
is the forgetting factor. In the first part of Eq. (15) , not only the CSI but also the brusty nature of arrival packets is considered. In the second part, we solve the problem of fairness between the users according to the users' queue status and the average service rate. Finally, an additional term /( 2 )
is introduced to handle the high latency requirement of rtPS.
It indicates that the packet should be sent immediately if its deadline expires before the next symbol is totally served [12] , otherwise the packet will be dropped because of beyond the maximum time delay. This can be exemplified in Fig.2 . 
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Where rtp β is the priority parameter of nrtPS. Q t η is introduced to handle the throughput requirement of nrtPS also. Large value of ( ) / k k Q t η indicates the queue will be full soon, so the packets of the user should be given high priority and served earlier. Thus the fill level of the queue can be obtained at a stable status and a lower packet dropping rate is achieved by using the ratio ( ) / k k Q t η easily. For BE users, no special QoS requirement is provided. The scheduling priority of BE users is set to the same value -1 for convenience. It indicates that BE users will be scheduled only if all rtPS and nrtPS have no packets to be transmitted and the sbucarriers are not used up then the subcarrier n will be assigned to user k who has the max , ( ) k n r t on it as to increase the resources usage efficiency.
2) Subcarries Allocation
Usually, the allocation order of subcarriers is according to the logical subcarrier number order, but the resources may be wasted mostly in this case. Considering that on subcarrier n, the users probably have the same high channel quality. However on subcarrier n+1, the channel qualities of users are quite different. If the subcarrier n is allocated to user k who also has high channel quality on subcarrier n+1, then the subcarrier n+1 has to be allocated to the users who have the lower channel quality on it. Thus the performance of the system has been degraded.
The performance of the system can be improved with reordering the allocation order of the subcarriers intelligently. In the paper, a resource allocation scheme called Minimum Mean-square Error Criterion (MMEC) is proposed, which determines the allocation order by considering the Mean-square Error of sbucarrier quality. For the large value donates that users' channel quality on this subcarrier is quite different. And the resource could be allocated to these particular users so as to improve the efficiency of this sbucarriers if we assign this subcarrier first. The Mean-square Error function is defined as follows:
( ) 
The resource is allocated from the subcarrier 1 The proposed algorithm called DBMQT is compared with following algorithms: Max C/I algorithm provides near optimal system throughput. It is a non-cross-layer algorithm. The subcarriers and power are allocated by CSI only, while the queue status in the MAC layer is ignored. The upper bound of the system throughput can be obtained with it. Max-min algorithm provides nearly full system fairness. Its aim is to max the minimum user's data rate. LOCAL algorithm which was proposed in [13] achieves a good balance between fairness and throughput, while providing QoS performance.
To evaluate the performance of the proposed algorithm, the system throughput, packet loss rate and average buffer utilization are compared within these schemes. The system average buffer utilization defined as follow:
the number of buffered packets U = Ψ
Where Ψ denotes the packets that the system can buffer most. When 1 U = shows that the system buffer is fully used, and the larger value of U indicates better performance within the system.
The performance of the system is shown in various averages SNR. Fig. 3 gives the system throughput comparisons of the above four algorithms. Obviously, Max C/I algorithm achieved the highest throughput among these algorithms since the only target of Max C/I algorithm is to maximize the system throughput. The DBMQT algorithm and LOCAL algorithm consider the QoS requirements of users, they perform lower than Max C/I algorithm, but better than Max-min algorithm significantly. The reason is that the proposed DBMQT algorithm can utilize the resource more efficiently, and Max-min algorithm considers fairness of users only. Fig. 4 shows the average packet loss rate of rtPS and nrtPS users, where the average packet loss rate is defined as the ratio of the number of the lost packets to the total packets number. Since the LOCAL algorithm provide QoS guarantees rtPS and nrtPS users by allocating resource to those users firstly with considering the minimum data rate constraints of rtPS and nrtPS connections when determining the scheduling order. It also shows that the DBMQT which with the dynamic buffer allocation mechanism achieves the best performance at the packet loss rate. The reason is that DBMQT provides different service classes with soft QoS guarantees for rtPS and nrtPS. However MAX C/I and Max-min do not take these requirements into account and they all allocate subcarriers and power irrespective of queue status information. And the packet loss rate of the Max-min algorithm is the highest among all algorithms since MAX C/I algorithm can transmit more packets by maximizing the system throughput. Utilization of Max-min algorithm is the highest for all cases, which means that the most of the system buffers are employed. Because its spectral efficiency is lower, users' data can't get served and has to stay in the queue. The utilization of LOCAL algorithm is the lowest, because it firstly guarantees the QoS requirements of rtPS and nrtPS, so the users' buffer can't get utilized efficiently. The performance of the DBMQT is between Max-min and LOCAL. Although it's lower than Max-min algorithm, it is significantly enhanced over LOCAL algorithm. In this paper, a novel cross-layer wireless resource allocation algorithm called DBMQT is proposed which distributes the resource based on dynamic buffer allocation mechanism for OFDMA system. With the assumption of a finite queue model and a dMMPP model for packet arrival process, we formulate and solve the subcarries/power allocation problem subject to those rate requirements and power/bandwidth constraints. Then according to these constraints, efficient QoS guaranteed resource allocation is achieved with MAC QoS requirements, service type and PHY CSI being considered and a dynamic buffer allocation mechanism is proposed to provide different service classes with soft QoS guarantees for rtPS and nrtPS. Simulations results show that the proposed algorithm provides significant improvement on packets loss rate while guaranteeing QoS for users with respect to MAX C/I algorithm and Max-min algorithm.
